Background. Trauma is a leading cause of death in the developing world. Blunt thoracic trauma represents a major burden of disease in both adults and children. Few studies have investigated the differences between these two patient groups. Objective. To compare mechanism of injury, presentation, management and outcome in children and adults with blunt thoracic trauma. Methods. Patients were identified from the database of the trauma intensive care unit at Inkosi Albert Luthuli Central Hospital, Durban, South Africa. Demographics and relevant data were extracted from a pre-existing database. Results. Of 415 patients admitted to the unit, 331 (79.7%) were adults and 84 (20.2%) children aged <18 years. The median injury severity score (ISS) was similar for both age groups (32 v. 34; p=0.812). Adults had a higher lactate level at presentation (3.94 v. 2.60 mmol/L; p=0.001). Of the children, 96.4% were injured in motor vehicle collisions, 75.0% as pedestrians. Compared with adults, children had significantly fewer rib fractures (20.2% v. 42.0%; p<0.001), flail chests (2.4% v. 26.3%; p<0.001) and blunt cardiac injuries (BCIs) (9.5% v. 23.6%; p=0.004), but sustained more lung contusions (79.8% v. 65.6%; p=0.013). Mortality in children was significantly lower than in adults (16.7% v. 27.8%; p=0.037). Conclusion. Thoracic injuries in children are the result of pedestrian collisions more often than in adults. They suffer fewer rib fractures and BCIs, but more lung contusions. Despite similar ISSs, children have significantly lower mortality than adults. More effort needs to be concentrated on child safety and preventing pedestrian injury.
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Trauma is a leading cause of death in the developing world, and represents a major burden of disease in South Africa (SA). [1, 2] Children are disproportionately affected. [3] Blunt trauma secondary to motor vehicle collisions (MVCs) contributes to the majority of admissions to trauma centres. [4] Significant blunt thoracic trauma in both adults and children requires advanced imaging and critical care support that places strain on a resource-limited healthcare system.
Paediatric trauma from MVCs is often multisystem, with a high incidence of thoracic involvement. [5] Paediatric blunt thoracic trauma presents difficulties in both diagnosis and management owing to differences in anatomy. [6] Initial investigations may not reveal significant axial skeletal damage despite high energy transfer and resultant lung contusion, because of the elastic nature of the child's chest wall. Associated injuries such as rib and sternal fractures are thought to occur less commonly in the paediatric population. Importantly, their absence does not indicate lesser severity of injury.
Few articles have investigated the differences in injury pattern between adult and paediatric populations. [6] [7] [8] [9] [10] [11] We aimed to review and contrast the incidence and outcome of blunt thoracic trauma among adults and children in a single level I trauma centre over a 6-year period.
Methods
We conducted a retrospective observational study of patients admitted to the trauma intensive care unit (TICU) at Inkosi Albert Luthuli Central Hospital (IALCH), Durban, KwaZulu-Natal Province, SA, from March 2007 to March 2013. This 10-bed unit admits critically injured patients and serves a drainage area with a population of approximately 11 million. Admissions are either directly from the scene of the incident, or inter-hospital transfers (IHTs) from a facility lacking the necessary imaging modalities or intensive care facilities to manage the patient. All patients who are admitted to the TICU are stabilised in a resuscitation area and any necessary imaging or surgical procedures are performed before admission to the unit.
We included all patients presenting to the unit with blunt chest trauma, either in isolation or as part of multiple system injury, irrespective of age. Children were defined as any patient <18 years of age. We excluded patients with penetrating thoracic injuries or blunt injury with no thoracic trauma, and those declared dead on arrival at the resuscitation area.
The trauma unit database and hospital information systems (Medicom and Soarian) were used to retrieve patient data for this analysis. We extracted: (i) patient demographics: age, gender, mechanism of injury, injury severity score (ISS) and site of referral (scene or IHT); (ii) initial lactate value; (iii) presence of rib fractures (single and multiple fractures were included), pulmonary contusion, flail segments, sternal fracture or blunt aortic injury; (iv) other system injuries, which were divided into head, face, spine, abdomen, limb (either single or multiple) and external; (v) length of stay in the TICU; and (vi) in-hospital mortality and cause of death.
A pulmonary contusion was defined as the presence of typical lung parenchymal changes on computed tomography (CT) with the presence of hypoxaemia. A flail chest was defined as two or more rib fractures at two or more places; patients classified as having sustained a flail chest were not included in the rib fracture group.
Blunt cardiac injury (BCI) was defined as the presence of blunt thoracic trauma combined with an elevated serum troponin level; clinical findings of pericardial rupture, cardiac herniation or central tendon rupture; hypotension requiring inotropic support not explained by haemorrhagic, septic or neurogenic shock; and electrocardiographic (ECG) abnormalities or transthoracic echocardiography findings in keeping with BCI. ECG changes recorded included atrial or ventricular dysrhythmias, ST-segment elevation or depression, T-wave inversion or conduction abnor malities. Echocardiography findings recorded included regional wall motion abnormalities, paradoxical septal wall motion, septal wall defects, pericardial collections, chordal or valve rupture, and aortic root dissection.
Patients were stabilised either in theatre or in the resuscitation unit before transfer to the TICU. The need for further imaging was evaluated in all patients and CT scans were performed for suspected great-vessel injury and to identify other system injuries, unless contraindicated. Analgesia was provided in the form of intravenous opiates or paracetamol. Patients with isolated thoracic injuries not requiring mechanical ventilation received regional analgesia in the form of either a thoracic epidural or a paravertebral block.
The primary aim of this study was to examine the outcomes of critically ill patients with blunt thoracic trauma in terms of TICU mortality and length of stay in the unit. A secondary aim was to describe the types of thoracic trauma in both children and adults and to document their differences.
Statistics
Means (standard deviations (SDs)) are reported for normally distributed data, and medians and interquartile ranges (IQRs) for data not normally distributed. 
Results
Over the 6-year period, 415 patients were admitted with blunt thoracic trauma. Of these 84 were children, of whom 55 were <10 years of age (Fig. 1) . While males predominated overall, there were fewer males in the paediatric group. ISSs were similar in the paediatric and adult groups (median 34 (IQR 25 -41) v. 32 (24 -41); Table 1) . The commonest mechanism of injury was an MVC, accounting for 93.5% of admissions. The majority of children (75.0%) were injured in pedestrian MVCs. Not surprisingly, there were significantly more adults in the MVC driver category. Very few patients had injuries from structure collapse, assaults, motorcycle accidents or falls ( Table 2 ).
The thoracic injuries seen across the whole group consisted predominantly of pulmonary contusions (68.4%), rib fractures (38.1%) and a surprisingly high number of flail chests (21.4%) and BCIs (20.7%). Sternal fracture was uncommon, with an incidence of 3.1%. Only one child (1.2%) sustained a blunt thoracic aortic injury, which required repair under bypass by the cardiothoracic surgical service (Figs  2 and 3) . The incidence of pulmonary contusion was highest in the paediatric group, while rib fractures, flail chests and BCIs predominated in the adult group (Table 3) .
Among the patients with multiple system injuries, head injuries predominated in the paediatric group (61.9% v. 42.3%; p<0.001), while spinal injuries predominated in the adult group (20.2% v. 2.9%; p<0.001) ( Table 4) . Only 31 patients were admitted with isolated thoracic trauma, the majority of patients sustaining injury to two or more systems ( Table 5 ).
The overall mortality rate was 25.5%, but the rate was significantly lower in the paediatric group than in the adult group (16.7% v. 27.8%; p=0.037). Length of stay in the TICU was similar in the two groups, with no statistically significant difference (Table  6 ). There was a significantly higher number of deaths from traumatic brain injury in the paediatric group (42.9 v. 15.2%; p=0.024). There were no significant differences in deaths from thoracic or septic complications between adults and children.
Discussion
Death and disability from trauma in SA is endemic and has been termed the 'malignant epidemic' in previous publications. [1, 2] SA has a road traffic accident mortality rate of 10.39/100 000 people, according to a study done from 2001 to 2006, with the peak occurring among young males aged 35 -49 years. A significant number of children are injured by MVCs: 3.89/100 000 in the 0 -14-year age group, rising to 9.33/100 000 in the 15 -24 age group. [12] Paediatric trauma has been referred to as 'the neglected childhood killer disease' , having significant social, economic and health system impact. [13] In our study, the vast majority of adults and children sustained complex multiple system trauma during MVCs, isolated blunt thoracic trauma being rare. The facilities required to manage such patients are scarce in a resource-constrained healthcare system. Paediatric trauma from pedestrian MVCs is highly preventable.
This study highlights the ongoing challenges faced by emergency care personnel in SA. These include dealing with the high incidence of paediatric trauma, in the face of a relative lack of resources designated specifically for injured children. Shortages in staffing, combined with the high workload experienced in many SA emergency departments, place a great burden on personnel involved in paediatric trauma care. This burden is further exacerbated by the psychological and emotional impact of dealing with severely injured children on a regular basis.
Blunt thoracic trauma has rarely been studied in the paediatric population. [6] [7] [8] [9] [10] [11] Injury patterns are thought to differ between adults and children. [14, 15] Our study indeed shows that children are far more likely than adults to sustain head injury together with their thoracic trauma. This finding is probably explained by the proportionally larger head/thoracic ratio in children and their higher incidence of injury in pedestrian MVCs. Children travelling as passengers also remain a vulnerable group: in a recent study, Van Hoving et al. [16] showed a very low rate of seatbelt use among child passengers in the Cape Town metropole, with compliance as low as 14.4%.
BCI in children is relatively underdiagnosed, owing to difficulties in diagnosis and a lack of clinical suspicion. [17, 18] We applied clinically relevant criteria to the diagnosis of BCI and found a surprisingly high incidence of 9.5%. This highlights the need for a high index of suspicion for BCI in children with blunt thoracic injuries and other potentially distracting injuries. The long-term sequelae of this injury remain a subject for further investigation.
Blunt vascular injuries are believed to be uncommon in children, as we found in our patients, but are potentially life threatening.
Pulmonary contusions are similarly notoriously difficult to diagnose. The increased skeletal compliance and absence of rib fractures can make this diagnosis in children particularly difficult. Conventional X-ray imaging can be misleading and the severity of lung contusion unappreciated, especially immediately after the injury, as shown in Figs 4 and 5. In our study, the paediatric group had fewer rib fractures (20.2%) and flail chests (2.4%) than the adult group, but had a far higher incidence of pulmonary contusion (79.8% v. 65.6%; p=0.013). This emphasises the fact that absence of rib fractures in injured children does not signal absence of underlying lung contusion, in keeping with other authors' experience. [7] There was a significantly lower mortality rate in the paediatric group (16.7% v. 27.8%; p=0.037), despite ISSs in the two groups being similar. This lower mortality contrasts with other authors' experience. Allen et al. [18] found no difference in mortality between adult and paediatric patients. The overall mortality in the paediatric group of 16.7% is in keeping with other studies of paediatric thoracic trauma. [6] [7] [8] [9] Although there was no difference in referral types (i.e. referral from the scene, with little or no resuscitation initiated, or IHT, with prior stabilisation), there was a significantly lower baseline lactate level in the paediatric group. Children have a greater ability to compensate for trauma-related shock than adults, with hypotension appearing as a late sign of hypovolaemic shock. [20] The difference in lactate levels between the adult and paediatric groups is not easily explained, as the two groups had similar injury severity. Discrepancies in lactate production between children and adults following trauma have not been adequately investigated or reported in the literature, and further research is needed to examine whether this difference is a result of differing compensatory mechanisms in shock.
A review of the activity of the Johannesburg Hospital Trauma Unit conducted over a 17-year period from 1985 to 2001 revealed an increase in the volume of paediatric trauma, the majority of injuries in the 5 -14-year age group occurring in pedestrian MVCs. [2] This is replicated in our experience, with 13.2% of our patients having been under the age of 10 years. Further efforts by government programmes and non-governmental organisations to raise awareness of child safety among parents and older children are urgently required.
Study limitations
The study was performed in a single centre that serves a large heterogeneous population. Patients admitted to the TICU are often severely injured, thus skewing the overall profile of the patients towards those with more severe injuries.
The referral vascular surgery service in KwaZulu-Natal is situated in the same hospital (IALCH) as the TICU, and as a number of patients with aortic injuries were referred specifically for investigation and treatment by IALCH's vascular team, the number of patients seen with aortic injury may have been increased.
Conclusion
The burden of adult and paediatric trauma in SA remains unacceptably high. Thoracic injuries are the result of pedestrian collisions more often in children than in adults. Children suffer fewer rib fractures and less blunt cardiac injury, but more lung contusions. Children's thoracic injuries are more often associated with head injuries and less often with spine injuries than is the case in adults. Children have a significantly lower mortality than adults, despite similar ISSs. Notably, the majority of paediatric deaths were secondary to traumatic brain injury rather than thoracic injury.
More effort needs to be concentrated on injury prevention and child safety, especially road safety and pedestrian supervision.
